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Moderate physical activity level as a protective factor against metabolic syndrome in 
middle-aged and older women  
Abstract 
Aims and objectives. To investigate whether physical activity (PA) is a protective factor 
against metabolic syndrome (MetS) in middle-aged and older women. 
Background. Socio-demographic and lifestyle behaviour factors contribute to MetS. To 
minimise the risk of MetS, several global guidelines recommend increasing PA level. 
However, only limited research has investigated the relationship between PA levels and MetS 
in middle-aged and older women after adjusting for socio-demographic and lifestyle 
behaviour factors.  
Design. Cross-sectional design.  
Methods. A convenience sample of 326 middle-aged and older women was recruited. MetS 
was confirmed according to the NCEP ATP III guidelines, and PA levels were measured by 
the International Physical Activity Questionnaire. 
Results. The sample had a mean age of 60.9 years, and the prevalence of MetS was 43.3%. 
Postmenopausal women and women with low socioeconomic status (low-education 
background, without personal income and currently unemployed) had a significantly higher 
risk of developing MetS. After adjusting for significant socio-demographic and lifestyle 
behaviour factors, the women with moderate or high PA levels had a significantly lower 
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(OR=0.10; OR=0.11, p<.001) risk of MetS and a lower risk for each specific component of 
MetS, including elevated fasting plasma glucose (OR=0.29; OR=0.26, p=0.009), elevated 
blood pressure (OR=0.18; OR=0.32, p=0.029), elevated triglycerides (OR=0.41; OR=0.15, 
p=0.001), reduced high-density lipoprotein (OR=0.28; OR=0.27, p=0.004) and central obesity 
(OR=0.31; OR=0.22, p=0.027).  
Conclusions. After adjusting for socio-demographic and lifestyle behaviour factors, the PA 
level was a significant protective factor against MetS in middle-aged and older women. 
Higher PA levels (moderate or high PA level) reduced the risk of MetS in middle-aged and 
older women.  
Relevance to clinical practice. Appropriate strategies should be developed to encourage 
middle-aged and older women across different socio-demographic backgrounds to engage in 
moderate or high levels of PA to reduce the risk of MetS.  
 
Keywords: health promotion; international physical activity questionnaire; metabolic 
syndrome; middle-aged and older women; physical activity; socioeconomic status 
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Summary Box 
What does this paper contribute to the wider global clinical community? 
•This paper examined the relationship between physical activity (PA) and metabolic syndrome 
(MetS) by adjusting for socio-demographic and lifestyle behaviour factors and found that 
PA is a significant determinant of MetS in middle-aged and older women. 
•Moderate and high PA levels significantly reduced the risk of MetS. The use of an 
internationally validated instrument (i.e., the International Physical Activity Questionnaire, 
IPAQ) to classify our subjects by PA level (low, moderate and high) will add clarity to the 
development of health education in the future. 
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Introduction 
Women are at higher risk than men of developing MetS in many countries (Mabry et al. 2010, 
Mozumdar & Liguori 2011), including Taiwan (Kuo et al. 2010). The prevalence of MetS has 
been reported to be 23.2% to 35.1% (Ford et al. 2004, Gu et al. 2005, Mozumdar & Liguori 
2011), and the prevalence increases with age (Marquez-Sandoval et al. 2011, Wang et al. 
2013). Mabry et al. (2010) reported that the prevalence of MetS among women over 20 years 
of age ranged from 32.1% to 42.7%. For middle-aged and older women (over 40 years of age), 
higher prevalence (36.3%-56.8%) has been reported (Mozumdar & Liguori 2011).  
MetS is a serious public health concern that results in an elevated risk for type 2 diabetes 
and cardiovascular disease in women (Farias et al. 2010, Ford et al. 2004, Mozumdar & 
Liguori 2011). The risk of mortality in women with MetS is greater than that among men 
(Gami et al. 2007, Wang et al. 2012). MetS negatively affects the health of women and is an 
independent risk factor for all-cause mortality in women (Dai et al. 2010, Gami et al. 2007). 
As women transition into middle and old age, the risks of developing MetS and related 
chronic diseases increase (Crandall & Barrett-Connor 2013, Kwasniewska et al. 2012, 
Mendes et al. 2012). Health promotion for women to prevent MetS is important in middle and 
old age. 
Health inequities based on ethnic and socio-demographic factors cause individuals in 
high-risk situations to develop non-communicable diseases (Crawford 1977, Watt 2007). 
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Health care providers incorrectly blame the victims for unchangeable biological and 
sociological factors that worsen health inequity situations (Bowman 1993, Caraher 1995, 
Dougherty 1993). A paradigm shift away from the biomedical and socio-demographic 
approach of blaming women for having an increased risk of developing MetS is required. 
Although previous research has revealed the biological, socio-demographic and lifestyle 
behaviour determinants of MetS (Medina-Gomez & Vidal-Puig 2005, Pattyn et al. 2013, 
Singmann et al. 2009, Tamayo et al. 2010), information focused on middle-aged and older 
women was limited. 
Socio-demographic factors contribute to MetS. For example, being older (Sinclair et al. 
2011), female (Schmitt et al. 2012) and of lower socioeconomic status increase the risk of 
MetS (Räikkönen et al. 2007). PA has been recognised as having a significant and 
independent role in the prevention of insulin resistance because of its association with 
increased cardiorespiratory fitness (Batty 2002, Hassinen et al. 2008, Yu et al. 2013). 
Cardiorespiratory fitness is an independent protective factor against MetS (Brage et al. 2004, 
Yu et al. 2013), and substantial evidence supports the existence of an inverse association 
between PA and MetS (Ekelund et al. 2005, Williams 2001). Middle-aged and older women 
have been reported to be more likely than men to have both insufficient PA levels and poor 
cardiorespiratory fitness (American College of Sports Medicine [ACSM], 2013), and women 
in these age groups have a higher risk of developing MetS. Aggressively exploring the related 
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factors (i.e., PA) to protect against MetS for middle-aged and older women is crucial for 
developing an effective strategy in the future. However, it is currently unknown whether the 
PA level is a protective factor against the development of MetS after adjusting for 
socio-demographic and lifestyle behaviour factors. 
Background 
Various models to explain MetS have been reported in previous studies, including models 
based on gene-environmental interactions (Medina-Gomez & Vidal-Puig 2005, Singmann et 
al. 2009), socio-demographic factors (Tamayo et al. 2010) and lifestyle behaviour 
considerations (Pattyn et al. 2013). Numerous biological and socioeconomic contributors 
have been identified as being associated with MetS, such as increased age (Sinclair et al. 
2011), female gender (Schmitt et al. 2012), lower socioeconomic status (Räikkönen et al. 
2007) and postmenopausal status (Kwasniewska et al. 2012). Some lifestyle behaviour factors 
have been reported as determinants for MetS, such as insufficient PA (Assah et al. 2011, 
Bianchi et al. 2008, Metzger et al. 2010), smoking (Park et al. 2004) and such dietary patterns 
as skipping breakfast (Deshmukh-Taskar et al. 2012, Min et al. 2011) and frequent 
consumption of late-night snacks (Al-Naimi et al. 2004). The related contributors to MetS 
require further clarification in female populations for the development of appropriate 
prevention strategies for middle-aged and older women at high risk. 
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Previous reports have shown that PA of moderate to vigorous intensity could increase 
cardiorespiratory fitness and reduce the risk of MetS (Rennie et al. 2003). Cardiorespiratory 
fitness is a physiological attribute that is defined and measured as maximal oxygen uptake 
(VO2MAX), and it is improved by exercise training (Marsden et al. 2013). PA is one of the most 
crucial lifestyle behaviour variables and has been defined as any bodily movement that 
increases energy expenditure (ACSM, 2013). Few studies have examined the relationship 
between PA and MetS in female populations after adjusting for age, gender, smoking, 
socioeconomic status (including education level) and other clinical factors (Ekelund et al. 
2005, Ford et al. 2005, Hassinen et al. 2010).  
Although insufficient PA has been identified as an independent predictor of MetS, the 
information relevant for making appropriate recommendations regarding PA levels and 
amounts is inconsistent. Because of the inconsistencies in the definitions and measurements 
of PA, the proper recommendations regarding the amounts and levels of PA for middle-aged 
and older women are unclear (Assah et al. 2011, Bankoski et al. 2011, Bianchi et al. 2008). 
The International Physical Activity Questionnaire (IPAQ) was developed by a group of public 
health and PA researchers from 16 countries with the support of the World Health 
Organization (WHO) and the US Centers for Disease Control and Prevention (CDC) (Craig et 
al. 2003). This questionnaire is a reliable and valid tool that could be applied and compared 
across populations and studies (Bauman et al. 2009, Craig et al. 2003, Guthold et al. 2008). A 
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number of recent studies have reported that women, particularly middle-aged and older 
women, exhibit lower PA levels than men (Bauman et al. 2009, Guthold et al. 2008). In 
addition to gender, menopause could exaggerate MetS via the hormonal alterations that 
contribute to weight gain and increased insulin resistance (Kwasniewska et al. 2012). Because 
of the combined effects of age, gender and menopause on MetS, middle-aged and older 
women face a greater challenge in avoiding MetS than other populations. Investigating the 
determinants that could protect against MetS in this population is important.  
For the general population, national guidelines suggest engaging in 30 min of 
moderate-intensity PA five days a week, 20 min of vigorous-intensity PA three days a week or 
a combination of moderate and vigorous PA (Department of Health and Human Services 
[DHHS] 2008, Pate et al. 1995). Based on the standard PA recommendations (DHHS 2008) 
the IPAQ categorises PA levels as low, moderate or high based on standard scoring criteria 
(http://www.ipaq.ki.se): (1) low PA—failure to meet the criteria for the categories of 
moderate or high PA; (2) moderate PA—at least 600 metabolic equivalent 
(MET)-minutes/week (three or more days of at least 20 min of vigorous activity weekly or 
five or more days of at least 30 min of moderate-intensity activity or walking); and (3) high 
PA—vigorous-intensity activity on at least three days and the accumulation of at least 1500 
MET-minutes/week or seven days of any combination of walking and moderate or vigorous 
activities that achieves a minimum of 3000 MET-minutes/week. 
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Aim 
The aims of this study were to use the IPAQ (1) to investigate whether PA level is a protective 
factor against MetS in middle-aged and older women after adjusting for socio-demographic 
and lifestyle behaviour factors and, if so, (2) to determine the level of PA that can significantly 
reduce the risk of MetS in middle-aged and older women. 
Methods 
Design 
A cross-sectional survey design was employed to examine whether PA level (i.e., low, 
moderate or high) is a predictor of MetS after adjusting for socio-demographic and lifestyle 
behaviour factors. We examined the effect of the PA level on the components of MetS, 
including elevated fasting plasma glucose (FPG), elevated blood pressure (BP), elevated 
triglycerides (TG), reduced high-density lipoprotein cholesterol (HDL-C) and central obesity, 
using the odds ratios from logistic regression.  
Participants 
A convenience sample was recruited from two communities that were randomly selected from 
12 communities in the Taipei urban area. The recruitment envelopes were mailed to all 
middle-aged and older women (aged over 40 years) in two community health centres for 
health assessment (i.e., BP check, blood glucose and serum cholesterol levels) during the 
study period between January 2012 and December 2012. The health assessment campaigns 
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were conducted by community nurses in the community health centres once (2-3 h) per week 
for eight weeks. A total of 344 participating women were invited by a research assistant. A 
total of 326 participants completed the questionnaires and health assessment, and 18 declined 
to participate in this study because of a lack of time and refusal to have a blood test.  
All of the recruited participants spoke and understood Mandarin. The participants with 
confirmed psychiatric disease, history of cancer, end-stage renal disease with dialysis or 
disability resulting from other diseases were excluded. We defined the criteria for MetS based 
on the National Cholesterol Education Program, Adult Treatment Panel III (NCEP ATP III) 
guidelines (Grundy et al. 2005) and modified the criteria according to the definition of the 
International Diabetes Federation to account for the waist circumference (WC) norms in the 
Asian population (Alberti et al. 2009). Thus, female MetS was defined by the presence of 
three or more of the following risk components: (i) elevated FPG (≥100 mg/dl) or the use of 
antidiabetic medicines, (ii) elevated BP (≥130/85 mmHg) or the use of antihypertensive 
medicines, (iii) elevated TG (≥150 mg/dl), (iv) reduced HDL-C (< 50 mg/dl) and (v) central 
obesity (WC≥80 cm). 
Measures 
We collected blood samples and performed anthropometric measurements to collect the data 
regarding the five potential risk factors for MetS (i.e., FPG, SBP/DBP, TG, HDL-C, and WC). 
The participants underwent a comprehensive assessment that included socio-demographic 
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information, lifestyle factors and physical activity in the previous week as assessed by the 
International Physical Activity Questionnaire (IPAQ). 
Analysis of blood samples and anthropometric measurements  
The blood samples were drawn from participants after 12 h of fasting by well-trained 
laboratory technicians, and the serum glucose, HDL-C and TG were measured. The plasma 
glucose was analysed with an enzymatic assay (Yellow Spring Glucose Analyser, YSI, Yellow 
Springs, OH, USA), and the TG and HDL-C levels were analysed enzymatically with a 
clinical chemistry analyser (Olympus, AU680). The coefficients of variation for the internal 
quality controls for the TG, HDL-C and glucose measurements were under 1%.  
The blood pressure readings were obtained using electronic BP monitor devices (Terumo, 
ESP2000). A certified biomedical engineering technician regularly used static pressure 
readings to ensure the accuracy of these automated devices. The BP was obtained for each 
participant after they had been seated quietly for at least 4-5 min. Arm circumference 
measurements were taken to ensure proper cuff selection (Maxwell et al. 1982), and the 
participants were instructed not to talk while the BP measurements were being taken. The 
averages of two measurements were recorded. 
All of the WC measurements were obtained by the same registered nurse. The WC was 
measured at the midpoint between the iliac crest and the lowest rib, typically at the level of 
the umbilicus, at the end of a normal expiration while the participant was standing 
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(Bosy-Westphal et al. 2010). The measurements were made using a soft anthropometric tape, 
and the means of two measurements were used for the analysis. 
Socio-demographic information and individual characteristics  
The socio-demographic background data and relative behavioural lifestyle information that 
were obtained from the participants’ self-reports included age, menopausal status, education 
level, marital status, personal income, occupation and lifestyle factors. The lifestyle behaviour 
factors included the smoking status, alcohol consumption and dietary patterns as represented 
by breakfast and late-night snack habits. 
International Physical Activity Questionnaire 
The Taiwanese version of the International Physical Activity Questionnaire (IPAQ), which 
has well-established reliability and validity (Liou et al. 2008), was used in this study. The 
types and duration of PA over the previous seven days were evaluated with using seven-item 
short form of the IPAQ. The IPAQ-Taiwan brief version has been reported to have reasonable 
measurement properties for assessing the PA levels of ≥18-year-old adults and analysing the 
time individuals spend on PA, including housework, transportation, leisure activity and 
moderate- to vigorous-intensity PA. The seven items in the IPAQ are presented in Box 1. The 
continuous IPAQ scores expressed as MET-minutes/week were calculated as the MET level 
(i.e., walking=3.3 METs, moderate-intensity PA=4.0 METs, vigorous-intensity PA=8.0 METs) 
multiplied by the minutes of activity per week (Craig et al. 2003). The weekly PA levels as 
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determined by the IPAQ scores were categorised into three levels according to the PA 
recommendations of the Centres for Disease Control and the ACSM (Pate et al. 1995): (1) 
low PA—less than 600 metabolic equivalent (MET)-minutes/week; (2) moderate PA—at least 
600 MET-minutes/week (three or more days a week of vigorous activity of at least 20 min per 
day or five or more days of moderate-intensity activity or walking for at least 30 min per day); 
and (3) high PA—vigorous-intensity activity on at least three days a week and the 
accumulation of at least 1500 MET-minutes/week or seven days of any combination of 
walking, moderate or vigorous activities that achieved a minimum of at least 3000 
MET-minutes/week (DHHS 2008).  
Statistical analysis  
The results were obtained using SPSS software, version 16.0 (SPSS Inc., Chicago, IL) for 
Windows. The continuous descriptive data are expressed as the means and standard 
deviations (SD), and the categorical data are expressed as numbers and percentages (%). The 
differences between the groups were assessed using the chi-square test as appropriate. 
Multivariate logistic regression analyses were used to examine the associations between the 
PA levels and MetS and the MetS risk components after adjusting for the significant 
socio-demographic variables and lifestyle behaviour variables. The dose-response effects of 
PA on MetS and MetS components were assessed by treating PA level as a continuous 
variable (low PA=1, moderate PA=2, and high PA=3) using multiple logistic regression with 
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adjustment of the same covariates in the main analyses. All of the statistical analyses were 
two-tailed and considered significant at p<0.05.  
Ethical considerations 
After the purpose of this study was explained, the eligible volunteers were selected after 
providing written informed consent. Approval to conduct this study was obtained from the 
local institutional review board in Taiwan (TSGHIRB No. 1-101-05-073). The respondents 
were anonymous and non-traceable because the decoded data were not linked to the 
individual participants to protect their personal privacy. Additionally, all of the instruments 
were reviewed for cultural relevance and acceptability by the members of the investigative 
team and the community advisory board, and all of the instruments were self-administered 
after comprehensive instruction. 
Results 
The socio-demographic characteristics of the study population 
In total, 326 participants (40 to 80 years old, mean = 60.9, SD = 9.0) completed all of the 
interviews and anthropometric tests and provided blood samples for the MetS components 
analyses. The distributions of the socio-demographic characteristics of the participants with 
and without MetS are summarised in Table 1. None of the participants in either group had a 
habit of alcohol consumption. The age (i.e., younger or older than 65 years), marital status, 
smoking habits and dietary patterns did not vary significantly between the participant groups 
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with and without MetS. A higher (p=0.001) proportion of post- than pre-menopausal women 
had MetS (n=132, 46.8%). A significantly higher (p<0.001) proportion of women with lower 
education levels (n=78, 56.5%) had MetS relative to the women with higher education levels. 
A significantly higher (p=0.003) proportion of women without personal income (n=106, 
49.1%) had MetS than did the women with personal income. A significantly higher (p=0.002) 
proportion of unemployed women (n=110, 49.1%) had MetS compared with those who were 
fully employed. 
The prevalence of MetS among our participants was 43.3% based on the criteria from the 
NCEP ATP III (Table 1). The prevalence rates of the MetS components were significantly 
elevated in the women with MetS. Reduced HDL-C was the most common metabolic risk 
component in the participants with and without MetS. The MetS components with elevated 
prevalence in the participants with MetS were central obesity (83.5%), elevated FPG (78.7%), 
elevated BP (71.6%), elevated TG (62.3%) and reduced HDL-C (56.9%). 
Associations between physical activity levels, MetS, and MetS risk components 
As Table 2 demonstrates, a higher (p<0.001) proportion of low PA levels (24.1% vs. 3.8%) 
and lower proportions of moderate PA levels (69.5% vs. 85.9%) and high PA levels (6.4% vs. 
10.3%) were found in the women with MetS compared with the women without MetS.  
The multivariate logistic regression analysis revealed that the women who reported 
moderate or high PA levels were at a significantly lower (OR 0.10, 95% CI 0.04-0.26; OR 
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0.11, 95% CI 0.03-0.38) risk for MetS compared with the women who reported low PA levels 
(Table 3). In terms of the MetS components, the women with moderate PA levels or high PA 
levels had a lower (OR 0.29, 95% CI 0.13-0.63; OR 0.26, 95% CI 0.08-0.80) likelihood of 
having elevated FPG compared with those with low PA levels. The women with moderate or 
high PA levels were at a lower (OR 0.18, 95% CI 0.07-0.45; OR 0.32, 95% CI 0.10-1.03) risk 
of elevated BP compared with the women with low levels of PA. The women who exhibited 
moderate or high PA levels were at a lower (OR 0.41, 95% CI 0.19-0.86; OR 0.15, 95% CI 
0.05-0.49) risk of elevated TG compared with those who exhibited low PA levels. The women 
with moderate or high PA levels were at lower (OR 0.28, 95% CI 0.13-0.57; OR 0.27, 95% CI 
0.09-0.80) risk of reduced HDL compared with those who exhibited low PA levels. The 
women with moderate or high levels of PA were at a lower (OR 0.31, 95% CI 0.11-0.91; OR 
0.22, 95% CI 0.06-0.83) risk of central obesity than those with low levels of PA. Moreover, 
there were significant (p<0.05) dose-response effects of PA level on decreasing risks of MetS 
and all MetS components. 
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Discussion  
Middle-aged and older women are at a high risk of developing MetS. The high prevalence of 
MetS (43.3%) in our sample is similar to the results of previous studies (32.1% to 42.7%) in 
women (Mabry et al. 2010, Schmitt et al. 2012) and higher than that observed in the general 
adult population (23.2 to 35.1%) (Ford et al. 2004, Gu et al. 2005, Mozumdar & Liguori 
2011). Biologically, after menopause, women suffer reduced insulin sensitivity, which 
exaggerates the effects of habitual inactivity and unhealthy diets and lifestyles (Silventoinen 
et al. 2005).  
Socioeconomic status is commonly conceptualised as a combination of education level, 
personal income, occupation and wealth, and it could be used to place individuals in a 
hierarchal social structure that affects the health of people of low socioeconomic status 
(Feinstein 1993). Women of lower socioeconomic status might be affected by specific 
observable health inequities (Kim et al. 2005), including those of obesity (El-Sayed et al. 
2012), metabolic disturbances and incidence of type 2 diabetes (Tamayo et al. 2010). The 
contribution of societal variation to the development of MetS is complicated and poorly 
understood (Santos et al. 2008). Our findings revealed that women of low socioeconomic 
status (i.e., those with low levels of education, without personal income and without 
employment) had a significantly higher risk of developing MetS. Middle-aged and older 
women with low socioeconomic status have the biological disadvantage of being 
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postmenopausal, and they occupy a minority position within the hierarchical social structure. 
Advocating health promotion activities to enhance health literacy among unemployed 
middle-aged and older women with low levels of education and without personal income is 
crucial for reducing health inequities. Health care providers should be sensitive to women in 
health inequity situations and the detection of high risk levels in women. 
 After adjusting for socio-demographic and lifestyle behaviour factors, the PA level was 
the significant determinant of MetS in middle-aged and older women. Although one-half of 
the women exhibited at least moderate levels of PA, the proportion of women who engaged in 
low/insufficient PA levels was 6.3-fold higher among women with MetS than in women 
without MetS. Across the socio-demographic variables, the majority of the women without 
MetS (96.2%) in our sample engaged in at least moderate levels of PA. Physical activity is 
hypothesised to be a preventive factor against MetS because exercise increases insulin 
sensitivity, promotes weight loss, increases body fat redistribution, increases lipid metabolism, 
decreases chronic systematic inflammation, improves vascular and arterial compliance and 
improves cardiorespiratory fitness (Caro et al. 2013, Miyaki et al. 2012). Post-menopausal 
middle-aged and older women of low socioeconomic status who are at a higher risk of MetS 
could reduce their risk of MetS and MetS components, including elevated FPG, elevated BP, 
elevated TG, reduced HDL-C and central obesity, by engaging in appropriate moderate and 
high levels of PA every week. Moreover, women at higher risk for MetS are encouraged to 
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participate in PA at higher levels because a dose-response effect of PA level on preventing 
MetS was found. Although numerous factors are associated with MetS, clinical public health 
studies should control for socioeconomic status before examining the potential determinants 
of health problems (Braveman et al. 2005). Encouraging middle-aged and older women 
across different socioeconomic levels to maintain higher PA levels is a challenge for primary 
health care providers. To prevent MetS, health promotion campaigns should be developed to 
increase the PA level of middle-aged and older women, particularly those with low 
socioeconomic status.  
Our use of a global instrument, the IPAQ, to assess PA clearly defined the PA levels and 
confirmed that moderate and high PA levels were associated with reduced likelihoods of 
developing MetS. The IPAQ should be used to create a consistent PA measurement that could 
be used for international comparisons (Bauman et al. 2009) because the IPAQ is a measure of 
the intensity of PA in the prior seven days that comprehensively evaluates the intensity of PA, 
the amount of PA and the energy expenditure from PA (Craig et al. 2003) and creates clear 
categories based on the PA level. Previous studies have produced different PA 
recommendations for the prevention of MetS; these studies have included self-reported PA 
questionnaires that include various structured questionnaires (Arbey Mesa et al. 2011, 
Bianchi et al. 2008, Rennie et al. 2003) and semi-structured questionnaires (Dai et al. 2010, 
Ford et al. 2005, Katariina et al. 2010) that assess PA over the previous 7 days to 4 weeks. 
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The different measurements have defined different PA intensities, PA amounts and energy 
expenditures from PA during leisure time or spare time in the previous 4 to 7 days. Based on 
the PA intensity, moderate and vigorous leisure-time PA has been shown to be associated with 
reduced risks of MetS and MetS components (Rennie et al. 2003). Higher amounts of PA are 
inversely correlated with an increased prevalence of MetS (Dai et al. 2010). A study of 
energy expenditure from PA showed that the energy expenditure level better predicted MetS 
than a specific type or intensity level of PA (Ekelund et al. 2005).  
The IPAQ could be used to evaluate different intensity levels of PA (vigorous and 
moderate PA and walking) and quantify weekly sitting behaviour and to classify PA into low, 
moderate, and high levels based on international PA guidelines (Craig et al. 2003, DHHS 
2008). The IPAQ provides a comprehensive appraisal of the different types of PA in 
consistent definitions of various PA levels, which adds clarity to the development of health 
education in the future. According to our findings, we recommend that women engage in 
vigorous PA for 20 min at least three days a week, engage in moderate PA at least five days a 
week or walk 30 min per day to prevent the development of MetS. 
Two major limitations of this study are the recall bias and the generalisability of the 
study because of its cross-sectional design and convenience sample. The principal limitation 
of a cross-sectional design is that it cannot be used to determine causality. A more advanced 
research design, such as a cohort study, case-control trial or randomised controlled trial, is 
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required to determine whether PA, as measured by the IPAQ, is a preventive factor against 
MetS in middle-aged and older women. These results should be generalised to other 
populations with caution. The study sample included only women over 40 years of age from 
urban communities in northern Taiwan who did not have known cardiovascular disease. 
These results should not be directly generalised to men, younger women or individuals with 
diagnosed CVDs. 
Conclusions 
Our results confirmed the high prevalence of MetS in middle-aged and older women in urban 
communities. Urbanisation has resulted in sedentary lifestyles that exacerbate the burden of 
MetS. We identified the relationship between PA and MetS after adjusting for 
socio-demographic factors (i.e., age, menopause, education, personal income and current 
employment) and lifestyle behaviour factors in this population. Moderate PA levels are 
sufficient to significantly reduce the risk of MetS among middle-aged and older women. 
These findings provide foundational knowledge for nurses and healthcare providers in 
developing health promotion programmes for women at risk of developing MetS. The 
International Physical Activity Questionnaire (IPAQ) is a validated instrument for classifying 
the PA of individuals into low, moderate and high levels that could be applied for future health 
education interventions. The clear IPAQ definition based on seven items could be used as a 
guideline for recommendations that middle-aged and older women achieve moderate-to-high 
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PA levels.  
Relevance to clinical practice 
Increased energy expenditure among women can be linked to lower all-cause mortality rates 
(Paffenbarger et al. 1986). PA could be improved in middle-aged and older women by 
education, persuasion and empowerment to improve personal cardiorespiratory fitness 
(Crouch et al. 2011). Community healthcare nurses should highlight MetS prevention, 
particularly targeting those women with low PA levels. Middle-aged and older women should 
be encouraged to engage in at least moderate levels of PA that result in at least 600 
MET-minutes/week (i.e., three or more days per week of vigorous activity for at least 20 min, 
five or more days per week of moderate-intensity activity or walking at least 30 min per day) 
to protect against MetS and reduce their risk for the components of MetS. Community nurses 
could design individual lifestyle modifications for at-risk populations that span the 
hierarchical social structure.  
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Box 1 Items on the International Physical Activity Questionnaire. 
Item Content 
1. During the last seven days, on how many days did you engage in vigorous physical 
activity, such as heavy lifting, digging, aerobics or fast bicycling?  
2. How much time on average did you spend on vigorous physical activity on each of 
those days?  
3. During the last seven days, on how many days did you engage in moderate physical 
activity, such as carrying light loads, bicycling at a regular pace or playing doubles 
tennis (excluding walking)?  
4. How much time on average did you spend on moderate physical activity on each of 
those days?  
5. During the last seven days, on how many days did you walk for at least 10 min at a 
time?  
6. How much time on average did you spend walking on each of those days?  
7. During the last seven days, how much time per day did you spend sitting on 
weekdays? 
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Table 1  
Demographic characteristics and prevalence of metabolic components among 
middle-aged and older women with and without metabolic syndrome. 
Variables 
 MetS a  Non-MetS  
χ2 
P 
n=141 
(43.3%) 
n=185 
(56.7%) 
Socio-demographic variables     
Age (years)   0.33 0.646 
40-65 (n=200) 89 (44.5) 111 (55.5)   
          >65 (n=126) 52 (41.3) 74 (58.7)   
Menopause   10.8 0.001 
          Yes (n=282) 132 (46.8) 150 (53.2)   
          No (n=44) 9 (20.4) 35 (79.6)   
Education level   17.2  <0.001
          Less than high school (n=138) 78 (56.5) 60 (43.5)   
          More than high school (n=188) 63 (33.5) 125 (66.5)   
Married   0.44 .18 
          Yes (n=282) 124 (44.0) 158 (56.0)   
          No (n=44) 17 (38.6) 27 (61.4)   
Personal income monthly   8.84 0.003 
Yes (n=110) 35 (31.8) 75 (68.2)   
No (n=216) 106 (49.1) 110 (50.9)   
Currently employed    10.0 .002 
          Yes (n=102) 31 (30.4) 71 (69.6)   
          No (n=224) 110 (49.1) 114 (50.9)   
Lifestyle behaviour variables     
Current smoker   0.57 .450 
          Yes (n=9) 5 (55.6) 4 (44.4)   
          No (n=317) 136 (42.9) 181 (57.1)   
Regular weekly breakfast frequency    0.31 .857 
          None (n=5) 2 (40.0) 3 (60.0)   
          Less than three days/week (n=43) 17 (39.5) 26 (60.5)   
          More than three days/week (n=278) 122 (43.9) 156 (56.1)   
Regular weekly late-night snack frequency    4.04 .132 
          None (n=154) 69 (44.8) 85 (55.2)   
          One to two days/week (n=110) 40 (36.4) 70 (63.6)   
          At least three days/week (n=62) 32 (51.6) 30 (48.4)   
MetS a components     
38 
 
Elevated FPG b (n=155) 122 (78.7) 33 (21.3) 1.51 <0.001 
Elevated BP c (n=169) 121 (71.6) 48 (28.4) 1.15 <0.001 
Elevated TG d (n=151) 94 (62.3) 57 (37.7) 41.4 <0.001 
Reduced HDL-C e (n=232)  132 (56.9) 100 (43.1) 1.17 <0.001 
Central obesity f (n=115) 96 (83.5) 19 (16.5) 61.0 <0.001 
The data are presented as the mean ± SD or as numbers and percentages (%).  
MetS, metabolic syndrome; FPG, fasting plasma glucose; BP, blood pressure; TG, 
triglycerides; HDL-C, high-density lipoprotein cholesterol.  
a according to the NCEP-ATP III guidelines.  
b Elevated FPG: ≥100 mg/dl or use of antidiabetic medicines. 
c Elevated BP: ≥130/85 mmHg or use of antihypertensive medicines. 
d Elevated TG: ≥150 mg/dl 
e Reduced HDL-C: <50 mg/dl. 
f Central obesity: WC≥80 cm.  
P values are from chi-square tests. 
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Table 2  
Comparison of physical activity levels between women with and without MetS. 
 
MetS a 
(n=141) 
Non-MetS  
(n=185) 
χ2 P 
PA level b   20.5  <0.001 
Low PA c 34 (24.1) 7 (3.8)   
Moderate PA d  98 (69.5) 159 (85.9)   
High PA e 9 (6.4) 19 (10.3)   
The data are presented as the means ± SD or as numbers and percentages (%). 
PA, physical activity; MetS, metabolic syndrome. 
a according to the NCEP-ATP III guidelines.  
b PA levels were measured with the IPAQ.  
c low PA: failure to meet the criteria for categories of moderate or high PA. 
d moderate PA: at least 600 metabolic equivalent (MET)-minutes/week (three or more days of 
vigorous activity of at least 20 min per week, five or more days per week of 
moderate-intensity activity, or walking at least 30 min per day). 
e high PA: vigorous intensity activity on at least three days that accumulates at least 1500 
MET-minutes/week or seven days of any combination of walking, moderate or vigorous 
activities that achieve a minimum of 3000 MET-minutes/week). 
P value is from chi-square test. 
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Table 3  
Associations between physical activity levels and MetS and MetS risk components. 
  PA level/ OR (95% CI)   
 Low PA g Moderate PA High PA Ptrend 
MetS a 1 0.10 (0.04-0.26) 0.11 (0.03-0.38) <0.001 
Elevated FPG b 1 0.29 (0.13-0.63) 0.26 (0.08-0.80) 0.009 
Elevated BP c 1 0.18 (0.07-0.45) 0.32 (0.10-1.03) 0.029 
Elevated TG d 1 0.41 (0.19-0.86) 0.15 (0.05-0.49) 0.001 
Reduced HDL-C e 1 0.28 (0.13-0.57) 0.27 (0.09-0.80) 0.004 
Central obesity f 1 0.31 (0.11-0.91) 0.22 (0.06-0.83) 0.027 
The data are presented as OR (95% CI). 
PA, physical activity; OR, odds ratio; MetS, metabolic syndrome; FPG, fasting plasma 
glucose; BP, blood pressure; TG, triglycerides; HDL-C, high-density lipoprotein 
cholesterol.  
a according to the NCEP-ATP III guidelines.  
b Elevated FPG: ≥100 mg/dl or use of antidiabetic medicines. 
c Elevated BP: ≥130/85 mmHg or use of antihypertensive medicines. 
d Elevated TG: ≥150 mg/dl 
e Reduced HDL-C: <50 mg/dl. 
f Central obesity: WC≥80 cm. 
g Reference group in the PA levels 
The six models are adjusted for socio-demographic variables (i.e., age, menopausal status, 
educational level, personal income and occupation) and lifestyle behaviour variables (i.e., 
smoking status, regular weekly breakfast frequency and regular weekly late-night snack 
frequency).  
The P values were calculated using a linear trend analysis. 
 
 
 
 
 
 
